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Table 1. The bacterial strains and plasmids used in this study

Strains and plasmids Relevant features

Source or Reference

Strains
. FY80lacZAMI5A (lacZYA-argF) U169 endAl recAl hsdR17 (r,~,m,~) supE44\thi-1
E. coli DH5a BRL
gyrA96 relAl phoA
E. coli B121(DE3) F-,ompT, hsdS (rBB-mB), gal, dem (DE3) BRL

Bacillus pumilus Nsic-2
B. subtilis WB80ON
BL21-pET-28a-many
BL21-pET-32a-many
BL21-pET-42a-many
WB80ON-pHT43-many
Plasmids

pMDI19-T

pET-28a-c( +)
pET-28a-many
pET-32a-c( +)
pET-32a-many
pET42a-c( +)
pET42a-many

pHT43

pHT43-many

wild strain screened from stinky tofu brine

apr his npr eglS (DELTA) 102 bglT/bglS (DELTA) EVCm"
Recombinant E. coli BI21 strains, carrying plasmid pET-28a-man,
Recombinant E. coli BL21 strains, carrying plasmid pET-32a-many
Recombinant E. coli BL21 strains, carrying plasmid pET-42a-man,
Recombinant B. subtilis WB8OON strains, carrying plasmid pHT43-man

Cloning vector; Amp’

E. coli expression vector; Kan"

pET-28a based vector, carrying mature mannanase gene; Kan"
E. coli expression vector; Amp"

pET-32a based vector, carrying mature mannanase gene; Amp"
E. coli expression vector; Kan"

pET-42a based vector, carrying mature mannanase gene; Kan'

Bacillus-E. coli shuttle vector; vector for extracellular expression; Amp‘and Cm*

pHT43 based vector, carrying mature mannanase gene; Amp“and Cm"

CCTCC AB 2013050
Mo Bi Tec
This study
This study
This study
This study

TaKaRa
Novagen
This study
Novagen
This study
Novagen
This study
Mo Bi Tec
This study
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112 FERF SIS AT 20 A9 4078 e K 2
FRIBGER) &, 20 v S A 4 RO & R [ el o)
¥ B T Axygen 23 Fl, TaKaRa LA PCR™ in vitro
Cloning Kit, T4 DNA ligase, DNA marker, Tag DNA
Polymerase Fll BamH 1 25 BR il 4 N VIR B T K
HEFEAEY AN T, Protein marker 1 T Fermentas 7y
A, IPTC. AN HFHR. FIBHERMAERNWT
Amresco A H) . 7 i H 5 R BEEE ECONASE MP 1000

o LR B 0, I T Sigma AR, ALAAE
IR FRAEIE T BRIt S TR, AR KA
FAL RS — AR, TR R W T AR KA T
PCR {1 T* Eppendorf 23 W), B¢ & R4 T
SYNGENE 27, pH iHW T Bl fRREAS ),
1.1.3 SI¥5EFRE AN DTS ) My
I 2, 51411 {# A Primer Premier 5. 0 {4,
YT A T TARB A RA W (R &,

F2. AHRBPETAZIESIY

Table 2. Primers used in this study

Primers Nucleotide sequences (5'—3") Amplicon size/kb
16s-U CCTACGGGAGGCAGCAG 1.2
16s-D ACGGGCGGTGTGTAC 1.2
man-Ul TGCTSAGCAAAATYGC 0.3
man-D1 GTTTTRAARTCTCKGTT 0.3
man-U ATGGGGGAGTTGCATTTGTTTA 1.0
man-D TCACTCAACGATTGGCGTTAAA 1.0
pET28-man-U CGGGATCCATGGGGGAGTTGC 1.0
pET28-man-D CCGAGCTCTCACTCAACGATTGGCG 1.0
pET32-man-U CGGGATCCATGGGGGAGTTGC 1.0
pET32-man-D GCAAGCTTTCACTCAACGATTGGCG 1.0
pET42-man-U CGCATATGGGGGAGTTGCATT 1.0
pET42-man-D GCGAGCTCTCACTCAACGATTGGCG 1.0
pHT43-man-U GCATGGATCCCATACTGTGTCGCCTGTGAAT 1.0
pHT43-man-D GCATGACGTCTCACTCAACGATTGGCGTTAAA 1.0

* Restriction sites incorporated into primers are underlined, and R=A/G, S=C/G, Y=C/T, K=G/T

LB 5532 50 B A 45 - 1% M9 S ALEN, 1% 11 1k
MR ,0. 5% WTERRRy , R BT KECH], T 121 <C
15 K T 20 min,

1.2 B-HERBHBNWEETRE

5, B /N AR Nsic-2 T LB 553856
G, B RBGE B R, FH Axygen AxyPrep
P 3L ZH DNA /N iR S R O L 2H DNA

245, 3T GenBank £45 22 v U ofe U5 T i Ay
ZEHFF R B- H #8 RMEEG L P <F P o (| 1) , %
8 3514 man-Ul/man-D1, ¥ 375 5] Nsic2 HH
2 SR il D BB P A, PR SRR 95 C
5 min;94 °C30 5,52 C30 s,72 C40 s,30 MEH;
72 C10 min, P8P FHERIEH BEFTINT

SR e o R DS ML EE X PCR, ] TaKaRa
LA PCR™ in vitro Cloning Kit §" 75 | 52 %) B-H
e RBEEEE N TS (many, ) JFHEATINY . PCR 94
449 :95 °C5 min;94 °C30 5,56 €30 5,72 °C80 s,

30 4\?@%;72 C10 min, KPP =Y 5 pMDI19-T
simple vector T 16 C & il %% #%, 15 2| i kL pMD-
mang ,ﬁ%f&iﬂ@%?&ﬁ@ﬁ%ﬁ%i DHS5 o EF‘ o
1.3 BHEREBEREABHAETNRERE
HEEHAN

LA Nsic-2 FUEPIZ DNA S92 =315 14
pET28-man-U/ pET28-man-D , pET32-man-U/ pET32-man-D
Al pET42-man-U/ pET42-man-D 4" 3 man, ZH , § 1
PR B 5 A pET-28a, pET-32a I pET42a HEFT
HAH (& 2) , A FOR AL B S2 A5 9 K AT B
BI21 H, KIHT ) il 2 A SOk e A7 12 W o1
Tl SIS 45 B R, HE 41 ( BI21-pET-28a-
man,, , BL21-pET-32a-man,, Fl BI21-pET-42a-man,, ) 1£
FAE YL U B (N 50 pg/mlL 1R R %
RO 100 pg/mL FYZCR TR ) (Y LB KR 3kl
I i gR . SR YRR E (0D, =0.5) B &
20 CAFFH 0.1 mmol/L (4 IPTG J55:4555% 16 h,,
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% SEFRIR R, 51T SDS-PAGE Z3#7, %
AT TR S B I R AL 4l ik R 48 Ni-NTA

Purification System #EFT4lL™ , £l FH Bradford 75
07 il AR EE

Bacillus pumilus (JE791253.1) --513-- [ TGCTIeAGCARAAA €538
Bacillus subtilis W23 (CP002183.0) ~+498--- e---523---
Bacillus licheniformis CICC10338 (GQ925779.1) ~495--+ e ---520---
Bacillus amyloliquefaciens CICC 22383 (GQ859478.1)  ---498--- E---528---
Consensus
Bacillus pumilus (JE791253.1) =747 T769--
Bacillus subtilis W23 (CP002183.0) i » AL T =754
Bacillus licheniformis CICC10338 (GQ925779.1) e L C---751---
Bacillus amyloliquefaciens CICC 22383 (GQ859478.1)  ---732--- C:--754--
Consensus AACMGAGAYTTYAAAAC

E 1. B33y

Figure 1. Gene sequences analysis. Comparison of four reported mannanase genes from different resources. The identical
nucleotides are indicated by blue boxes. The conserved sequences which were analyzed to design degenerate primers are

indicated by boldfaces.

many

Chromosomal DNA
Bacillus pumilus Nsic-2

v

BamH 1 Sac 1

(I—

manB

BamH1 ¢, 1 ‘,/

[ MCS

T7 promoter
f1 origin
Amp/Kam
PET system |‘|
Lac 1 "_f.A“J
- ori

Expression in E. coli

N

Xho 1 BamH 1 Aat 1l
man,,
¢~ ORF-2
[ {ORE-1 ColEl
o
Sac 1 ORF-3
Xho 1 amyQ
Pat I Lac 1
Sph 1
BamH 1
| Aat 11

Expression in B. subtilis

B 2. XKEEFEMHEFAFERERENEE

Figure 2. Cloning strategy for the construction of expression vectors in E. coli and B. subtilis.

1.4 B-HEREEEENE

FIFH 3,5-Zh A K B2 2 (B DNS 325) Rl 5E
B-H & M AE (Man,, ) MTE M. 58 H 50 mmol/L
BERREL 22 i R BC W BE R 5 o/L B9 R SRV W
(pH7.0) . HL900 wL M ZRE WS 100 pl iE 45

BEBEROR A, T 40 CIHEE 10 min, 95 F J5 52 BRI LA
0.5 mL DNS i ke i, SR FH IR A Tk K
W E 10 min, K FREB N EZRE, &5
TEAY GG T K 540 nm T, W58 1R A W0 G 2%
JE o AR 3 YOPATEE 28 U R SO AR R
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AT 900 L A VS W, FH DNS Ab 3 F A
100 wL i& YFE B AR, BRGRAH U SRR, 1 U
TE SCRHTE 40 C T, B 8B 1 pumol 34 AR
Fr i i
1.5 EEHRMHAR

XAk I R EA TR R SR A S . B-H BR R
Y B4 ool SNy IR R AE pHT. 0 A2 F R I RE 1Y,
A3 S 5 HAE 30 .35 .40 .45 .50 .55 .60 .65 1 70 C
TR ARG . FeiE N pH JETE 40 C AT
D2 B, 43 30 5 HAEANTA] pH B (2.0 - 10.0) 2%
PR T BN B TG AR PR SR Bl T AS R
(30,35 .40 45 50 55 .60 .65 170 C) T, 2 S5
15.30 .60 190 min J& , 7€ pH7. 0 f 244 Il 2 H:
FRAXTG . pH RUEMEIRAE 40 °C 500 T, H il 115
TEANTR] pH AOZE i P AR 30 min J5 52 FLAR A%
it ARERUE AT pH AU T 0 2 X5 L) 4
1 100% 5 FLAR IR IS B9 AR XS BT . 4 JE B A
A2 X il I B 52 e R AE 40 °C 45 R DIE 1Y
FE AR ZR T 23 SIS [R] e B R Iz 3550 1)
DNS VLI B . S2 5 DASA S AT 4@ 2+
Al 0 N AR 2 2s UG Ak I T
B~ H 7 FRME R 2 B HKPT ST, o B-H 5 R bl
395 E g (pH2. 0,10 pg/mL, P4 100 mmol/L
(4 H R -+ R 2% P O 1 ) , DR 2R 1 ( pHT. 0, 10
peg/mL, LA 100 mmol/L 1% 8l /iR £k 2% i i I 1 ) F1 2
M K(pH7.0,10 pg/mL, A 100 mmol/L HJBEHR £
SRR ) F 37 C N 2 h, FH DNS 3230 i H e
NG o DAANNAZE (Y S AR R R s R
FRSEEE S 3 K, BRI 3 TR, 3
U2 )P I EAE N B ATl
1.6 B-HEREBERGEHEFRITEDNRE

P Nsic2 F4 5: K 40 DNA My 85, # H 51 9
pHT43-man-U/pHT43-man-D ¥~ ¥4 man, 3 K, 5
pHT43 AR (A v 5 )8 81 7 Pgrac) 17 E 41,
13 B HAH BRL pHT43-man,, (1 2) AL ESZ 7
AR B ZE AT B WBSOON H, 1 41 1 #% ( WBSOON-
pHT43-many) T 37 CF , HEFTH 15 pg/ml AEE
) LB 3535 bk e 3G 95, 53R 208 Y Ok
(0D, =0.5) B, #£ 37 CHAMFH 0.1 mmol/L 1Y
IPTG 55 K5 3% 24 h, 5 S 157 5 WOAR TR, #E 47
SDS-PAGE 4347,

2 HERFupAr

2.1 man ,BEREZESFEIISH

FA T8 I 514 man-Ul/man-D1 § 1545 3| — B
KR 250 bp ML B, 551 5 /N 2R AT 1A
( CCAMO80065) K i GH 26 B-1,4-mannanase 4
RIER R, it &R PCR MY @A ERs P15 3
—B KB 1421 bp @93 R Be, X 3E A E A
(man, , GenBank accession number: KC436314 ) 17
M, S S AT —A 1104 bp BYFF B SEHE | Znfih
367 MR, RIGEST-A ATG, A — b
4k & 7 1 (AAGGAA), GC & N 2%, &
SignalP Server #EM , HAE 1541 N Kl —BL 31 4>
RERR G5 KA 31 A0 32 MR Z [N
SRKEFUIA S (B 3-A) , 4 BLASTp Sl H8 H &
H— K R R % 26 LK, RERE
BECE 4) 8o H & LR )7 55 M/ 2 A
CCAMO8S0065 ( AEO79931. 1) Ik B ZFFAT H WY34
(ADW78259. 1) e U 1 H 5 SR i g 2 S 1R )7 91 AR
AHIT . 28 ExPASy #till, 25 [ Man, 45> T & 24K
41.5 kDa,pl {E°4 6.0, FATHEN 751 Lb X {57
1) 2 TR X 35 nT BE 55 2, 1 1) R 1k % A Ak Ty BE AH
X:o FIFH SWISS-MODEL server Tl Man, 4 = £ 4%
¥, I HARAL XA — > (B/a) g-barrel #7755, X
JEWET KR 0% 26 B TH IR SFE5 4 (K1 3-B) .
B. subtilis 7-2 5 0 H % 8O0 il 41 b 4 2R 5k 3k
(Glu'” F1 Glu®® )™ 5 Man,, £ filt 16 7% 2 R 5%
(Glu"* 1 Glu®") &l 3-B iR,
2.2 EARAGERBHEPHRIEIRESWK

AHEGE T, R K FF 3 % 3K 2Kk pET-28a,
pET-32a fl pET42a SRR IKHMEE H W 24 Foki
pET-28a-man, ,pET-32a-man,, Fl pET-42a-man,, ¥4k
BRI HFE BL21 (DE3)/pLys 1, IR H 414
(Many) . #7HF man, 766 AR B T i 5 0k, D
B1.21-pET-28a-man,, B R, ¥ HAE 37 CF
VAR ET, JO A I 2 HEE R, A A
JUF- B AL IR A 75 30 °C T i SRk m, 1l LIS
DNZ A it 9 H 5 R OBE 0 1 (] 5-B) o & L AE
20 °C A HFR 2 b, W7 T R LA A L3 v T
DL BH AN 2] H 5% AR M AR S R
F 6 h, AR R T 2 RO S T A
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(A)

Clostridium acetobutylicum ATCC 824 79 ANVDsvyeDGAQLILTWEPQGITDDQISNGSKDDYIRQMASDLKNYNKPMVIRLMHEVNGNWYSWATGYNNGTVNSYDQY 158

Bacillus pumilus Nsic-2

6 [LFKK———HTISLLITFLLASAVLAKPTEAHTVSPYNPNAQQTTKAVMNWLAHLPNRTENRVLSGAFGGYSHDTFSMAEV 81

Brucella melitensis bv. 1 str. 16M

Bacillus subtilis z2 1

Agrobacterium fabrum str. C58

HTVSPYNPNAQQTTKTVMNWLAHLPNRTENRVLSGAFGGYSHDTFSMAEA 50

1 MTLK————-NPKKLFLSTFAVLYIISAANPTKVSA-FFSTCKAGVFLGWDRNIDTSIAYTDG-YSNRLDITSYDLCNWNGN 74
the signal peptide

Clostridium acetobutylicum ATCC 824 159 KRAYQHVVEIFRNEGATNIKfmY--NVNsnsvgnNTDYMAAYPGNDYVDILSIDGYNWGTtqswgsswqsfdqifGQAYN 236

Bacillus pumilus Nsic-2 82 DRIRSATGQSPATYGCDYAR-—Gw1ETA——— KIEDSIDVSCNGDLISYWKNGGIPQIs———

Brucella melitensis bv. 1 str. 16M

————LHLAN 139

Bacillus subtilis z-2
Agrobacterium fabrum str. C58 7

~

Clostridium acetobutylicum ATCC 824 237 v1KAYNKPIFIPEIGSANKGGDKAAWITDAYNRIRSsyPLIDAVIWFNenketdwtvnsNSDVLSAYKSAIN

Bacillus pumilus Nsic-2 140 paFQSGHFKTPITNDQYKKILDSSTAEGKRLNAMLS—KIADGLQELE-—————-————~ NQGVPVLFRPL!
-——ITIEPWSWARDWRVGPEDLLSGILNGRYDSNMA——AVCSEAAKLK-———
paFQSGHFKTPITNDQYKNILDSATAEGKRLNAMLS—KIADGLQELE———
Agrobacterium fabrum str. C58 130 ——SISPQDFATLANTKIQDINSSSPWFLQNYKATVS——KVGDGLEYYG-—————————-] HVG—TVYFRPF

Brucella melitensis bv. 1 str. 16M og
Bacillus subtilis 72 1pg

1
7 DRIRSATGQSPAIYGCDYARgwL——ETA
5 NDSSSISWDSASTIRDLQKP--N--IPL.

28
v 108
129

VPTSFN 316
INGEWFW 205
DAGQFT 90
INGEWFW 174
VNGNWFW 192
degenerate primers 167

—SP-—VTIRWAQEM
NQGVPYLFRPL

Clostridium acetobutylicum ATCC 824 317 WAYEDANNdgs———wnYSSVWGGSGSSIEASsqwnNVPMSTQVKYEGNSS1kFHFKHTSYNGYAGASIptsefsTGLEPY 393
Bacillus pumilus Nsic-2 206 WGLTSYNQkdnerislYKQLYKKIYHYMTDT-——RGLDHLIWVYSPDAN--RDFKTDFYPGASYVDI————— VGLDAY 273

Brucella melitensis bv. 1 str. 16M 91 WAFWKPEG———-———— YVKAYRHVIDVCRKS——

Bacillus subtilis z2 175

Clostridium acetobutylicum ATCC 824 394 SDVGCNAGKNLTRTTYLKFYILGDSnsKARTKLRDVWG)

——LPSARYMWSPKGE-——EGLEAYYPGDNYVDI———— IGLSVF 147

WGLTSYNQkdneris1YKQLYKKIYHYMTDT-———RGLDHLIWVYSPDAN-—RDFKTDFYPGASYVDI————— VGLDAY 242
Agrobacterium fabrum str. C58 193 WGDKDVSQ——————— YKQLWINLHDYLVSKnsgcRGLTWLKFCYAPNSG-——KNAALYYPGDDYVDM————— VGMDAY

255
degenerate primers
TNPVELT-——DYVTASNSGw————— QQVTIPISNLTSAAI 465

Bacillus pumilus Nsic-2 274 FQDAY:

INGYDQLT
Brucella melitensis bv. 1 str. 16M 148 GYQPFDQLEVGRDTTFVERTKPGYD--RVARFNKPIAIA

ALNKPFAFTENGPQTANgs fDYSLFINATkqkypkTIYFLAWNDEWSPAV 337

LGYEGDD-——DYVRAWAAE————— ANKPHAEFPAMTAVY 216

Bacillus subtilis z-2 243 FQDAY.

INGYDQLT
Agrobacterium fabrum str. €58 256 SDNPST-——DTYVKRAYAELTGGTYNgvTYPGIDKPFGFH

ALNKPFAFTENGPQTANg s fDYSLFINATkqkypkTIYFLAWNDEWSAAV 306

GPNVGG———DYVDNKNR——————— LIKKFDYKRWSDAT 322

oo H ow]

266

Clostridium acetobutylicum ATCC 824 466 DKNNISAVKFLIDGNTYQPGEWTFYVDNMN 495
Bacillus pumilus Nsic-2 338 NKGASALYHDSWTLNKGEIWNGDSLTPIVE 367

Brucella melitensis bv. 1 str. 16M 217 YFNDREVYPWPRDVGRPDWRVANHPLD-— 243
Bacillus subtilis Z2 307 NKGASALYHDSWTLNKGETWNGDSLTPIVE 336
Agrobacterium fabrum str. C58 323 KLNYPKASYFIIWNGGYEPRNNDNGTSLFN 352

(B)

B 3. SEBRATFIIE X RN =455

Figure 3. Conserved sequence alignment of amino acid sequence of Mang and the three-dimensional structure of this

enzyme (A) The consensus amino acid residues of Manyand some homologous mannanase were aligned with FASTA and

GENEDOC. The signal peptide sequence, the degenerate primers sequence and the catalytic glutamate residues of B-

mannanase from B. subtilis Z-2 ( position 167aa and 266aa ) (4] are boxed in this figure. (B) The three-dimensional

structure of Many with the catalytic glutamate residues (Glu'®® | Glu®7).
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Bacillus pumilus strain CCAMO080065 AEO79931.1
‘|_—|: Bacillus subtilis strain WY34 ADW78259.1
Bacillus pumillus Nsic-2 AGI16798.1
Bacillus subtilis ABC73065.1
Bacillus licheniformis strain HDYM-04 ACR84370.1
Podospora anserina strain S Mat* ADO14135.1
Clostridium cellulolyticum H10 ABG76971.1
Bacillus amyloliquefaciens strain CICC 22383 ACX94040.1
Bacillus subtilis WL-7 AAT27435.1

|_|: Bacillus sp. SH BAA31711.1
— Bacillus subtilis strain CICC 10088 ACX94029.1

0.2

E4. RELEH

Figure 4. Rooted phylogenetic tree of Many protein comparison. The Neighbor Joining tree was constructed by using

CluatalW and MEGA 4. 0 with the amino acid sequences of B-mannanase from various strains. Bootstrap support was

assessed by 1000 repetitive resampling of the data set and construction of the phylogeny.
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5. KEHETNHEFAFERENEAZR SDS-PAGE 747
Figure 5. SDS-PAGE of the recombinant protein in E. coli and B. subtilis (A) SDS-PAGE of Many with different plasmid in E. coli.

Lane S, standard marker proteins; lane 1, 2, 3 protein expression profiles of BL21 ( DE3 ) /plys containing the empty-vector pET-28a,

supernatant of cell lysate and precipitation of cell lysate ( BL21-pET-28a-many ) ; lane 4, 5, 6. protein expression profiles of BL21

(DE3) /plys containing the empty-vector pET-32a, supernatant of cell lysate and precipitation of cell lysate ( BL21-pET-32a-many ) ;

lane 7, 8, 9: protein expression profiles of BL21 ( DE3)/plys containing the empty-vector pET-42a, supernatant of cell lysate and
precipitation of cell lysate (BL21-pET-42a-many ). (B) SDS-PAGE of BI21-pET-28a-man;; with different induction temperature in E.

coli (induction time 16 h). Lane S, standard marker proteins; lane 1, 2, 3. supernatant of cell lysate (37°C, 30°C and 20°C) ; lane
4, purified Many. (C) SDS-PAGE of the recombinant protein in B. subtilis WB80ON. Lane S: standard marker proteins; lane 1, 2, 3,

4. protein expression profiles of WB80ON-pHT43 containing the empty-vector, supernatant of fermentation broth without induction,

supernatant of fermentation broth after induction and cell lysate after induction.

(#)42.0 kDa) (K 5-B)
2.3 S GHERHEREEES TR

M T BL21-pET-28a-man,, 7% i H 5% 5 b ity il
Wt T AR AT L e Rk i AL A o, i g
Sl I AR AR

mE 6 fis, glifk 5 i 8 H Man, £ pH6. 0 Z& 44
EEE Ay, BLAE pH6. 0 - 9. 0 Z ] BEE s, T e
PR ER e G 75% DL BTG YE . 7E pH6.0 -8.0 Z
Ji] , FLTi 16 2 0 H v B AR RS T . Man, 1) J503d S
TR 40 °C, ¥ HAE 40 CHFE 1 h J5 A RE
IR RS 1Y 90% LA 1, FHAE 70 CHEF 90 min,
HEHEILTAE,

AN TR 4 T B B 2 R0 TR 19 5 e L3R
3, WEEHAR (1 mmol/L) B4R ES T, Mg® " . K* |
Ni** il Co™ " Xof il 176 i A7 41 i BB B2, Zn®* AT LA
TR B S . 2448 3 TR B R (5 mmol/L
110 mmol/L) , Mg * 1] L B f su 4 il BEHG o ASTw] ok
B (1 mmol/L.5 mmol/L #1 10 mmol/L) i Ca>*
Mn®* R A] DL 5 il 0 16 . WA 10 mmol/L 1Y
Cu®* Ni** Fll Co* #RAT LA™ 4t AR Bl (45 1 .
P 3 - 80 iR — 20 1 TritonX-100 X i 75 1%
AU, SDS AT LASE A 3 il s 1 . 34 55
DTT AR R $1 00 D IR Y 154% P A — 2
SERNCRT LAt Z4 T TS



1452

Jiajie Tang et al. /Acta Microbiologica Sinica(2015)55(11)

@ Mo ®) 1107
100 100
g 90 g 907
E\ 80 E 80
% 70 g 70
g 60 S 60
z Z <]
g 50-_ g 50_
2 407 2 407
30j 301
20f 20
104 10
0 T T T T T T T T ¥ T T T T v T T T T 1 0- T T v T T T T T T T T T T T T T T T T 1
1 2 3 4 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
pH pH
©) 10- D) 110
100 100
901 90 ——30
] o o] ——35
g 807 g 807 ——10
£ 701 £ 707 ——145
B 60: s 60+ ——50
g i < 1 —e—55
o 507 o 507
= 1 Z 0] ——60
407 = 404 ——65
& 30 & 304 ——70
20 20
104 10
O+——7T+ T 7T 7T 7T T T T T T or—————7 T T T T T
20 25 30 35 40 45 50 55 60 65 70 75 0 10 20 30 40 50 60 70 80 90 100
77°C t/min

6. Man, FIEEE 4R

33333333

Figure 6. Characterization of recombinant Man,; (A) Effect of pH on Manyactivity assayed at 40°C in buffers ranging from pH2. 0 - 10. 0.

(B) Effect of pH on the stability of Mangactivity. After incubation at 40°C for 30 min in buffers ranging from pH2. 0 —10. 0. (C) Effect of

temperature on Mangactivity measured at pH7. 0. (D) Thermostability of Man,. Each value represents the mean + SD of triplicates.

x3. TEAMNEEE THMFXFIT Man, BiE B0

Table 3. Effect of metal ions, reagents and chemical compounds on the Man, activity

Metalions or Chemical

Relative activity/% *

compounds 1 mmol/L 5 mmol/L 10 mmol/L
None 100. 0 100. 0 100. 0

Mg** 90.4 £2. 1 78.5£2.7 67.2+1.9
Ca?* 125.3£2.0 119.0+£2.8 115.3 £2.1
K 94.7 £2.6 95.9+£2.7 98.5+2.1
Cu®* 78.5+3.1 70.9 £1.9 69.2+£2.9
Zn** 103.0 £3.5 99.1+2.9 97.5£2.5
Ni2* 98.7+1.9 97.1+2.2 11.9+0.9
Mn?* 101.8 £2.9 109.5 £2.2 110.0£1.0
Co®* 97.3£2.4 96.1£2.7 29.7£1.2
SDS 0.01 £0.01 ND ND

DTT 137.3 £2.6 148.2 1.9 154.5+1.3
Chemical compounds Relative activity/ %

None 100. 0

Isopropanol 94.9 £2.1

Tween-80 98.7+2.9

Tween-20 95.1+3.0

TritonX-100 90.3+1.9

Methanol 80.1+2.4

DMSO 63.0+2.8

a: All values are means + SD from three independent experiments. The surfactant and organic solvents concentration of isopropanol, Tween-20, Tween-

80, Tritonx-100, methanol and DMSO were at 1% (V/V).
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W 4 7R, Man X JLFP b i 2 1 BR300
SREVAPUPE, 0 5 R B AE HEE K T
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M 66.1% . SR K H S BEMM T pH2. 0 TiHEF
2 h 5, HEHE L A%

F4. FEWEBEX Man,EiE# 00

Table 4. Effect of proteases on the Man, activity

Proteases Relative activity/% *

None 100.0
Pepsin 0.4+0.1
Trypsin 95.4 £2.7
Protease K 66.1+1.4

a: All values are means + SD from three independent experiments.
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Figure 7. Lineweaver-Burk.
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M50 A WY34!™) i H 8 SRS (<50 °C) H
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Table 5. Properties of various mannanases from Bacillus sp.

Strains GH family  Activity Kinetics of the enzymic reaction 2212111;11?; ;L Ref.

Bacillus subtilis WY34 - 8302.4 U/mg K,7.6+0.2 mg/mL/V , 970 £10.3 U/mg 6.0 [12]
Bacillus subtilis WL-3 26 5900 U/mg ND 6.0 [15]
Bacillus licheniformis DSM13 and DSM8785 26 1560 U/mg K, 17.5 mg/mL/V,_ 45300 U/mg 6.0-7.0 [16]
Bacillus circulans CGMCC 1416 5 481.55 U/mg ND 7.6 [22]
Bacillus subtilis B36 - 927.84 U/mg ND 6.4 [23]
Bacillus subtilis NM-39 26 4.9 U/mL ND ND [24]
Bacillus stearothermophilus 5 100 U/mg K, 2 mg/mL/V , 400 U/mg 5.5-7.5 [25]
Bacillus subtilis 7.-2 26 40 U/mL K, 10.2 mg/ml/k,_, 3672 S~! 4.5 [30]
Bacillus circulans NT 6.7 26 902.5 U/mg - 6.0 [31]
Bacillus subtilis BS5 - 7978 U/mg - 6.0 [32]
Bacillus subtilis MAFIC-S11 - 3706 U/mg K, 8 mg/mL /V 20000 U/mg 6.0 [33]
Bacillus subtilis B23 - 215.3 U/mg - 7.0 [34]
Bacillus pumilus Nsic-2 26 4191 £107 U/mg K, 35.7 mg/mL/V, 14.9 pmol/(mL-min)  6.0-9.0 :l}llxljy

*ND: not determine, GH family: glycosyl hydrolase (GH) family.
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Alkaline-adapted beta-mannanase of Bacillus pumilus .
gene heterologous expression and enzyme characterization
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Jiajie Tang"*, Su Guo", Wei Wang “, Wei Wei"" ", Dongzhi Wei"
"School of Biotechnology, East China University of Science and Technology, Shanghai 200237, China
*State Key Laboratory of Bioreactor Engineering, East China University of Science and Technology, Shanghai 200237,
China

Abstract ; [ Objective] We expressed a novel alkaline-adapted beta-mannanase gene and characterized the enzyme for
potential industrial applications. [ Methods] We obtained a mannanase gene (named man,) from Bacillus pumilus Nsic-
2 and expressed the gene man, in Escherichia coli and Bacillus subtilis. Furthermore, we characterized the enzyme.
[ Results | The gene man, had an open reading frame of 1104 bp that encoded a polypeptide of 367-amino-acid beta-
mannanase ( Man, ). The protein sequence showed the highest identity with the beta-mannanase from B. pumilus
CCAMO080065. We expressed the gene man, in E. coli BL21 ( DE3) with the enzyme activity of 11021.3 U/ml.
Compared with other mannanases, Man, showed higher stability under alkaline conditions and was stable at pH6. 0 -9. 0.

The specific activity of purified Man, was 4191 +107 U/mg. The K_ and V,

max

values of purified Man,were 35. 7 mg/mL
and 14.9 pmol/ (mL+min) , respectively. Meanwhile, we achieved recombinant protein secretion expression in B. subtilis
WBS80ON. [ Conclusion ] We achieved heterologous expression of the gene man, and characterized its enzyme. The
alkaline-adapted Manyshowed potential value in industrial applications due to its pH stability.

Keywords: Bacillus pumilus, B-mannanase, gene cloning, enzymatic properties, Bacillus subtilis expression
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